Purpose Patients undergoing treatment for cancer often report problems with their cognitive function, which is an essential component of health-related quality of life. Pursuant to this, a two-arm randomized, placebo-controlled, double-blind, phase III clinical trial was conducted to evaluate Ginkgo biloba (EGB 761) for the prevention of chemotherapy-related cognitive dysfunction in patients with breast cancer. Methods Previously chemotherapy naïve women about to receive adjuvant chemotherapy for breast cancer were randomized to receive 60 mg of EGB 761 or a matching placebo twice daily. The study agent was to begin before their second cycle of chemotherapy and to be taken throughout chemotherapy and 1 month beyond completion. The primary measure for cognitive function was the High Sensitivity Cognitive Screen (HSCS), with a secondary measure being the Trail Making Tests (TMT) A and B. Subjective assessment of cognitive function was evaluated by the cognitive subscale of the Perceived Health Scale (PHS) and the Profile of Mood States (POMS). Data were collected at baseline and at intervals throughout and after chemotherapy, up to 24 months after completion of adjuvant treatment. The primary statistical analysis included normalized area under the curve (AUC) comparisons of the HSCS, between the arms. Secondary analyses included evaluation of the other measures of cognition as well as correlational analyses between self-report and cognitive testing. Results One hundred and sixty-six women provided evaluable data. There were no significant differences in AUC up to 12 months on the HSCS between arms at the end of chemotherapy or at any other time point after adjuvant treatment. There were also no significant differences in TMT A or B at any data point. Perceived cognitive functions, as measured by the PHS and confusion/bewilderment subscale of the POMS, were not different between arms at the end of chemotherapy. There was also little correlation between self-reported cognition and cognitive testing. No differences were observed in toxicities per Common Terminology Criteria for Adverse Events (CTCAE) assessment between Ginkgo biloba and placebo throughout the study; however, after chemotherapy, the placebo group reported worse nausea (p0.05). Conclusion This study did not provide any support for the notion that Ginkgo biloba, at a dose of 60 mg twice a day, Support Care Cancer (2013) 21:1185-1192 DOI 10.1007/s00520-012-1647 can help prevent cognitive changes from chemotherapy. These analyses do provide data to further support the low associations between patients' self-report of cognition and cognitive performance, based on more formal testing.
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Introduction
Cognitive impairment is a frequent topic of concern in the cancer community, where it has colloquially been termed "chemo-fog" or "chemo-brain" [1] . Patients frequently describe a change in cognitive function as a mental slowing or an inability to multitask to the same degree as they could before their cancer diagnosis. This perceived impairment of brain function can profoundly affect psychological well-being and the ability to perform usual activities of daily living [2] . Several published articles report that these changes are relatively subtle, compared to major head trauma or Alzheimer disease, but can continue to have long-term effects for many months to years after cancer treatment is completed [3] [4] [5] [6] [7] [8] [9] . Results of a multicenter study of 595 cancer patients noted that 82 % of patients self-reported problems with their memory and concentration during chemotherapy [10] .
Changes in cognitive function may be confused with, or confounded by, other problems commonly associated with cancer and its treatment, such as depression, anxiety, pain medications, and fatigue caused by sleep deprivation [11] [12] [13] . Although the phenomenon is not completely understood, cognitive deficits in patients with cancer are assuming greater significance as the breast cancer survival rate continues to improve. Advances in basic sciences, imaging, and clinical sciences are beginning to unravel pathophysiologic mechanisms which may underlie this problem [12] . Pharmacologic treatment options for cognitive deficits in cancer survivors have been borrowed from diverse diseases including attention-deficit/hyperactivity disorder and neurodegenerative diseases and, to date, have shown minimal to no effect [14] [15] [16] . It has been hypothesized that therapies being evaluated for dementia and Alzheimer's disease (AD), such as Ginkgo biloba, may have some potential for patients who experience cognitive impairment due to chemotherapy [17, 18] .
Ginkgo biloba is from a tree species of the family Ginkgoaceae, originally from China, which is purported to be over 200 million years old [19] . The leaves are divided into two lobes, hence the name biloba. The principal components in ginkgo extract are flavonoids (flavone glycosides) and terpenoids (terpene lactones-ginkgolides and bilobalides) [19, 20] . Ginkgo is thought to work through a variety of mechanisms: antioxidant activity (free radical scavenger), increasing cerebral blood flow, improving glucose utilization, and stimulating choline uptake in the hippocampus [21, 22] .
Based on early and positive evaluations in dementia and AD, providing some proof of principle for the preservation of cognitive function [17, 18] and a proposed mechanism of action related to antioxidant activity and neuroprotective properties [22] , this current study was developed to evaluate Ginkgo biloba for the prevention of cognitive decline associated with adjuvant treatment for breast cancer.
Methods
The North Central Treatment Group (NCCTG) conducted a two-arm randomized, placebo-controlled, double-blind, phase III trial evaluating 60 mg of Ginkgo biloba (GB) versus a matching placebo (P) twice a day, for the prevention of chemotherapy-related cognitive dysfunction. Eligible women were newly diagnosed with breast cancer and were to receive adjuvant treatment. They had to be chemotherapy naïve and were required to begin study treatment before their second cycle of adjuvant chemotherapy. Women were excluded for use of Ginkgo biloba in the past 6 months, antithrombotic therapy, or significant comorbidities, such as arterial vascular disease or diabetes. Randomization, using dynamic allocation, was accomplished via computer and participants were stratified by type of chemotherapy, age, menopausal status at the start of treatment, and lymph node involvement. All patients participating in this trial signed a consent form as per the United States federal guidelines and the trial received approval from local institutional review boards.
Objective cognitive functioning was evaluated by research personnel using the High Sensitivity Cognitive Screen (HSCS). The HSCS is an instrument that was developed to be a briefer way to evaluate cognitive function compared to other standard neuropsychological batteries and also to be more sensitive than the brief measures already validated, such as the Mini-Mental State Examination [23, 24] . It has been used in a population with breast cancer and is considered to be relatively convenient to use in an outpatient, community setting. The HSCS assesses various aspects of cognitive functioning, including memory, language, visual-motor/spatial, attention/concentration, and self-regulation and planning. Inter-rater reliability for the instrument ranges from .86 to .99 for the various sections [23] . When compared with neuropsychological testing, the HSCS had a true positive rate of 94 %, a true-negative rate of 92 %, a false-positive rate of 8 %, and a false-negative rate of 6 % [23] . In addition, the Trail Making Tests (TMT), A and B, were also used to evaluate objective cognitive functioning [25] .
At the time this study was developed (2000), there were no published reliable nor validated cancer-specific subjective measures available which assessed cognitive function in patients undergoing treatment. Subjective measures of cognition used in this study included the Profile of Mood States (POMS) (confusion/bewilderment subscale), and the cognitive subscale of the Perceived Health Scale (PHS). The PHS is a questionnaire developed by Dr. Brenda Lyons (Indiana University) to evaluate various aspects of health and functioning in a general aging population, which includes a cognitive subscale [26] . Questions are phrased so that participants are rating elements of their cognition compared to what they perceive as their normal functioning. The response set is categorical and ranges from 1 -"extremely less than normal" to 7-"extremely better than normal". It has been highly correlated with the SF-36 and has been used in a population of breast and prostate cancer patients (N099), demonstrating good reliability [27] .
Data were collected at the following time points: baseline (before first or second cycle of chemotherapy), during chemotherapy, at the first visit postchemotherapy (generally 1 month after chemotherapy and commensurate with the completion of the study agent), and at 6, 12, 18, and 24 months after chemotherapy. Potential side effects were evaluated at each data point by provider toxicity grading as per the NCI CTCAE-version 2, and by a self-report questionnaire using a numeric analogue scale, having participants rate side effects on a 0 (none) to 10 (worst possible) point scale.
The intervention consisted of capsules containing Ginkgo biloba 60 mg taken twice a day vs. an identical placebo that was provided by Schwabe Pharmaceuticals, Germany, IND # 63,522. The study drug was to begin prior to the secondcycle of chemotherapy and was taken throughout adjuvant treatment and 1 month beyond the completion of chemotherapy.
The primary analysis involved compiling each subscale score for the HSCS into area under the curve (AUC) scores for the data points from baseline to the 12-month data point. Each subscale score was compiled into an AUC score for each individual patient. This score was compared between the two arms by standard two-sample independent T tests. A sample size of 100 patients per group provided 80 % power to detect a difference of 40 % times the standard deviation using two-sided alternative hypothesis testing and a 5 % Type I error rate. TMT A and B and subjective measures were analyzed by evaluating changes from baseline. Mixed modeling was used to evaluate the differences between groups for PHS scoring from baseline to the 24-month data point. Changes from baseline were compared between arms for self-reported side effects. Correlational analyses were calculated to evaluate the associations between selfreported cognition and the HSCS and TMT A and B.
Results
Twenty-three institutions across the US enrolled 226 patients in this study between October 2002 and October 2006. There were 14 cancellations and two ineligible patients removed from the analysis; these participants were randomized but withdrew before beginning any study interventions. Baseline characteristics of the remaining 210 participants are shown in Table 1 and were balanced between the two arms for all eligible patients. One hundred sixty-six patients provided data for the primary analysis. A CONSORT diagram is shown in Fig. 1 .
There were no significant differences for the AUC on any of the subscales of the HSCS over 12 months between arms (Table 2 ). There were also no statistically significant differences between the two arms on either TMT, A or B, over 24 months (Table 3) . On TMT A, the change from baseline after chemotherapy was a median of −4 s for both GB and P, (p00.80), while on TMT B, it was −6.5 s for both arms (p0 0.44). At 12 and 24 months, change from baseline for TMT A was a median of −5 s (GB) and −2 s for (P) (p00.12) and −7 s (GB) and −5 s (P) (p00.87), respectively. For TMT B, 12-and 24-month median changes were −7 s (GB) and −3 s (P) (p0 0.10) and −5 s (GB) and −7 s (P) (p00.87), respectively.
Change from baseline in the confusion/bewilderment subscale of the POMS did not differ between groups at any time point. Likewise, the cognitive subscale of the PHS yielded no significant differences between groups at any data point using repeated measures mixed modeling estimates (data not shown). According to CTCAE grading, there were no significant differences between groups for any toxicity, including anemia, bruising, insomnia, nausea, vomiting, thrombocytopenia, or overall worst toxicity. Self-reported effects are shown for the time frame over which Ginkgo biloba or placebo was taken (Table 4) . There was only one significantly different side effect, nausea, which was worse in the group taking placebo.
Since there were no differences between groups throughout the study period, data were combined to evaluate the relationship between self-report items and cognitive testing for similar areas of cognition. Correlational analyses demonstrated that there were low to no correlations between areas of cognition measured by the HSCS and similar selfreport questions (Table 5 ). There were also very low associations between TMT A and B and self-reported questions of ability to solve problems, plan ahead, and make decisions ( Table 5 ). The negative correlations in Table 5 indicate that better perceived functioning was associated with a lower number of seconds on TMT A and B; however, these coefficients are very small.
Discussion
Despite a promising rationale and some earlier positive results in AD and multi-infarct dementia, this study does not provide any data to support the use of Ginkgo biloba at a dose of 120 mg/day in the prevention of cognitive changes due to treatment with adjuvant chemotherapy for breast cancer. None of the endpoints, either self-report or cognitive testing, revealed differences between groups at any of the data points evaluated. The Ginkgo biloba was well tolerated, with no side effects significantly different than placebo and no signs of bleeding issues. The significant increase in nausea for the placebo group compared to the Ginkgo biloba group is likely a spurious finding due to the number of comparisons conducted. Most of the symptom scores are worse than baseline over time as all of these participants were receiving chemotherapy. These results are in contrast to four old studies in populations of patients with AD or multi-infarct dementia [18] , but are in agreement with more recent studies published on the use of Ginkgo biloba as a prevention strategy in agerelated dementia in populations of healthy individuals without any known dementia processes [28] [29] [30] . In patients diagnosed with AD or dementia, Ginkgo biloba, in doses of 120 or 240 mg/day, resulted in maintenance or small improvements in cognitive function over 6 to 12 months, while participants receiving a placebo declined over the same time [17, 31] . A review of the data evaluating Ginkgo biloba for AD and dementia reported effect sizes of 0.40 over placebo in 424 patients (p<.0001) [18] .
In contrast, a study evaluating a dose of 240 mg/day of Ginkgo biloba versus placebo in over 3,000 men and women aged 75 or over with mild or no cognitive impairment, reported no differences in the rate of dementia or AD or the rate of progression to dementia, or in the changes on various tests of cognitive function over a follow up period of 6 years [29] . Other studies that have evaluated preventive effects [28] or enhancement effects [30] in healthy populations without defined risk factors or signs of any cognitive impairment have also not demonstrated efficacy for either 240 mg or 120 mg/day, respectively.
The current study evaluated Ginkgo biloba for the prevention of cognitive impairment due to chemotherapy, targeting a patient population experiencing a reported insult to cognition. Therefore, these negative findings support either the lack of efficacy for Ginkgo biloba related to cognitive preservation or the fact that chemotherapy-induced changes are not physiologically similar to processes at work in AD or multi-infarct dementia.
In this study, all scores on the cognitive tests improved from baseline to first chemotherapy follow up and then stabilized. Due to repetitive testing, patients improved on these measures from the initial testing at baseline to the end of chemotherapy, likely due to practice effects. Alternate versions of neuropsychological testing are generally used to avoid this issue, but alternate versions of the HSCS were not available when this study was developed.
Multiple studies have reported no significant association between objective cognitive impairment after chemotherapy and patients' self-report of their cognitive function [32] [33] [34] . A study by Vardy et al. compared three different cognitive assessments (the HSCS, the FACT-COG and computerbased programs, the Headminder and CogHealth) in a group of 31 survivors, mostly with a history of breast cancer, who had completed chemotherapy. Each assessment provided different rates of cognitive impairment and none of the more objective measures were correlated with the FACT-COG [34] . This current study's findings coincide with what has been reported previously. In fact, the correlational analysis in this study compared items from self-report and more objective tests that were purportedly evaluating similar aspects of cognitive function. This was done in order to more accurately compare these measures. Despite these efforts, correlation coefficients remained extremely low throughout the 2 years of follow up. Some of the proposed reasons for the discrepancy between subjective and objective measures include that some studies indicate subjective cognitive changes that tend to be correlated more with emotional scales than with objective test results [35, 36] . Additionally, patients report that the negative changes in cognitive function they experience tend to be subtle and these may not be sensitive to tease out during neuropsychological testing [32, 36, 37] . For example, imaging studies show differences in brain scans between women who have had chemotherapy for breast cancer compared to those who did not, despite similar performance on neuropsychological tests [38, 39] . Cancer therapy-related cognitive decline, along with fatigue, anxiety, and depression are some of the most common symptoms negatively impacting health-related quality of life [11, 40] . During the past decade, studies have been performed to better define this treatment-related cognitive change and to study its prevalence. Unfortunately, the precise etiology and definitive risk factors remain unknown with this unsettling phenomenon.
Limitations of this study include weaknesses of some of the measures. This study was developed before wellvalidated and accepted self-report measures of cognition, such as the FACT-COG were published. Second, the HSCS has been shown to have a large practice effect, owing likely to the fact that alternate versions have not been developed [34] . Finally, it was challenging to educate and consent patients about this trial before receiving their first cycle of chemotherapy due to all of the educational and logistical needs encountered when a patient learns of the need for such treatment. Hence, patients were allowed on study after their first cycle of chemotherapy but before they were exposed to their secondcycle. This happened equally between arms and is, therefore, not thought to have impacted the outcomes of this trial (p0.22).
The strengths of this study include the fact that it is a rigorously designed, randomized placebo, controlled trial that utilized several measures, both objective and subjective, to capture cognition. In addition, the study was longitudinal, collecting data for a full 24 months after adjuvant therapy.
Conclusion
Based on the results of this study, Ginkgo biloba, 120 mg/ day, does not present a pharmacologic treatment option for women facing treatment for breast cancer, with regard to preserving or enhancing cognitive function. Research to better characterize the physiology and risk factors that lead to cognitive dysfunction is needed in order to identify therapeutic biologic targets for treatment and prevention. As there remain no known effective pharmacologic strategies to prevent cognitive changes, this area of research remains of critical importance. 
